The Water Framework Directive (WFD) is currently the principal document covering the management of inland, transitional and coastal waters in the EU. The current approach to its implementation regarding ecological assessment using biological elements is to develop assessment systems tailored to detect a response to a specific pressure. Although the WFD does not specifically mention invasive alien species (IAS) discussion has commenced on how to incorporate them into ecological assessment owing to their ability to significantly alter the structure and functioning of aquatic ecosystems. A potential framework is presented whereby IAS are treated as both a pressure and as part of a biological element to be monitored. It is proposed that the densities and distribution of IAS in water bodies are matched to normative definitions for quality classes in the WFD by expert groups at EU level. This would allow a rapid and consistent assignment of ecological status on the basis of IAS abundance and distribution in a water body. Such assessment should deal with IAS separately from other pressures. This would allow a separate report of the ecological degradation resulting from IAS so that specific management measures may be designed.
Introduction
After habitat loss, invasive alien species (IAS) are considered the most important threat to biodiversity (IUCN 2000) while for some aquatic ecosystems such as lakes they are the principal threat because of frequent intentional introductions (Sala et al. 2000) . The current framework policy document for the management of inland, transitional and coastal waters in the EU is the Water Framework Directive (WFD, European Community 2000) . It requires an ecological assessment to be carried out on several biological elements: phytoplankton, benthic invertebrates, fish, phytobenthos and macrophytes (macroalgae and angiosperms in coastal and transitional waters) (Annex 5, European Community 2000) .
The current approach being taken to implementation of ecological assessment under the WFD is to develop assessment systems based on a biological element tailored to detect a response to a specific pressure (Free et al. 2006; Solheim and Gulati 2008; Tóth et al. 2008) . The change in species composition and abundance with departure from reference state along a pressure gradient is then divided into one of five ecological quality classes (high, good, moderate, poor or bad) in line with the narrative descriptions provided for each class in Annex 5 of the WFD. An intercalibration between EU states is then carried out so that the different methods and metrics used by states result in comparable assignment of status classes for water body types.
The WFD includes several parameters of relevance for pressures such as eutrophication, acidification, hydromorphological modification and dangerous substances. In addition, much research has taken place in the EU in developing ecological assessment systems to assess the extent of such pressures (e.g. Sixth Framework Programme funded project REBECCA: http://www.environment.fi/syke/rebecca ).
However, IAS are not mentioned specifically in the WFD. Although, in the context of the directive's objectives IAS represent an important pressure since they can modify the native biological structure and ecological functioning of aquatic systems. The assessment of IAS as a biological pressure should therefore be considered as part of a catchment management policy together with other pressures and should receive particular focus when assessing whether a water body is characteristic of reference status (REFCOND 2003; IMPRESS 2003) . Some EU member states have acknowledged this to be the case. In their reports submitted to fulfil Article 5 of the WFD, which requires a review of the impact of human activity on the status of waters, they have included an assessment of alien species as a pressure at river basin district level (e.g. Anonymous 2005; several other Article 5 reports are available via http://circa.europa.eu/ Public/irc/env/wfd/library).
Currently attention is focusing on how to incorporate IAS into the implementation of ecological assessment procedures as their presence can lead to ecological degradation, and should thus result in a lower classification of a water body. In addition, IAS are likely to confound the interpretation of some existing ecological assessment metrics. For example, Lough Key in Ireland has an area of 9 km 2 with a population of 10 billion Dreissena polymorpha (Pallas,1771) which have been estimated to filter the entire lake every 10 days (Lucy et al. 2005 ). Failure to account for this during an ecological assessment based on phytoplankton abundance would obviously lead to an erroneous view that the lake was not responding to nutrient pressure.
Since IAS are not directly mentioned in the WFD and given their unique position being both a biological pressure as well as a component of a biological element, a different approach than followed for other 'traditional' pressures may be justified. The purpose of this paper is to contribute to the discussion on how to incorporate IAS into ecological assessment in a pragmatic way in the context of WFD policy. Additional discussion and agreement is certainly needed so that a standardised EU approach is followed. This work was initially presented at a workshop on alien species and the EC Water Framework Directive, 2-3 April 2008, in Bordeaux, France.
Establishing a framework for incorporation of IAS into the WFD
Some of the desirable characteristics of a framework for incorporating IAS into ecological assessment under the WFD include:  A metric or system should enable the combined pressure from all IAS in a water body to be expressed in an integrated way for each biological element.

Many assessment systems currently in use are designed to respond to pressures that traditionally have received focus such as eutrophication and acidification (e.g. Kelly and Whitton 1995; Free et al. 2006; Schartau et al. 2008) high, good, moderate, poor and bad. This means that the metric may be interpreted as a pressure gradient or as a metric relating to a biological quality element in the ecological status classification. The latter has the benefit that it could be used alongside the other biological elements in the 'one out all out rule' where status is assigned based on the lowest score of the biological elements which could allow a lower ecological quality class to be assigned on the basis of IAS alone.
A worked semi-hypothetical example
Lake Monate, province of Varese in Northern Italy, has been reported to have low concentrations of chlorophyll a (4 g l -1 ) and TP (8 g l -1 ) and high > 5 m transparency (Tartari et al. 2005) . Following a biological assessment the lake may be found to have low phytoplankton biomass, a deep depth of colonization by macrophytes and a normal profundal macroinvertebrate community with few taxa found that are indicative of eutrophic conditions. The overall assessment for the lake could be reported as good ecological status. An assessment is then made of the pressure likely to result from IAS following the steps above:
A list of IAS is constructed at national or EU level.
The routine monitoring data is supplemented with some specific monitoring for IAS. Three IAS are found in lake Monate: the crayfish Procambarus clarkii (Girard, 1852) (3 ind.m -2 ) and Orconectes limosus (Rafinesque,1817) (3ind.m -2 ) and the macrophyte Lagarosiphon major ((Ridley) Moss) (>82% of submerged and floating species; Tartari et al. 2005) .
For each IAS an a priori assessment of the potential alteration of the ecological structure and functioning is carried out in the context of the normative definitions for each biological element in Annex 5 of the WFD. Specifically the abundance of the IAS is matched with status classes expected as a result of the influence of the IAS alone (for the sensitive biological elements). For example, experimental work on Procambarus clarkii has indicated that it can strongly affect communities of macroinvertebrates and macrophytes even at low densities of 4 ind. m -2 (Gherardi and Acquistapace 2007). This density could be aligned with the normative definitions in Annex 5 of the WFD for macroinvertebrates in lakes at moderate status: where "Major taxonomic groups of the typespecific community are absent". Orconectes limosus was also found at similar densities and would also likely represent a pressure capable of altering the macroinvertebrate community to moderate status (Pilotto et al. 2008 ). In addition the macrophyte Lagarosiphon major was found to comprise >82% of the submerged and floating species present which would represent a 'major alteration' from their type specific values corresponding to a reduction in quality to poor status (Table 1) .
For classification of status, the approach to be followed would be to assign the lowest class found across the biological elements resulting from all pressures, including IAS pressure. This would be 'poor status' resulting from the dominance of L. major over the macrophyte community.
However, the IAS of crayfish are also likely to affect macrophyte communities in the lake owing to their omnivorous nature and this should be examined together with the dominance of L. major to decide whether a lower class should be awarded. 
Discussion
The key features of the proposed approach are that it recommends that lists of aquatic IAS are produced and that for each IAS an assessment of the potential alteration of the ecological structure and functioning is carried out in the context of the normative definitions for each biological quality element in Annex 5 of the WFD (on a water type-specific basis as necessary). Assessment of IAS pressure is therefore scaled in a similar way to an ecological quality ratio across five quality classes. This would essentially allow IAS to be treated as a pressure or in a similar way to a metric representing a biological element which would allow the use of the 'one out all out rule' that would potentially allow an ecological quality class to be assigned on the basis of IAS alone. This would be useful alongside a set of biological assessment metrics aimed at detecting other pressures such as eutrophication especially if IAS are not specifically included in those metrics or if they are treated as benign. It is, however, important not to average metrics designed to assess different pressures, the lowest value of a particular metric should be used, as averaging may conceal environmental degradation resulting from a particular pressure (Working Group 2A 2005) .
The proposed system does not follow that being developed for WFD implementation for other pressures. However, to do so would require an enormous effort: establishing metrics for each biological element that are responsive to diverse types of IAS pressure and then intercalibrating such metrics across the EU. Following this approach would also lead to some circularity, for example, using the relative abundance of an IAS as a pressure while using the relative abundance of native taxa as a response. In contrast, one side benefit of agreeing densities or distribution of IAS that are equivalent to status classes would be that it promotes consistency of classification across the EU -as required by the WFD intercalibration exercise (Nõges et al. 2005) .
Whether non-native taxa will become invasive or not and whether they will drive species loss is hard to predict (Gherardi 2007a) . Therefore in many cases it may prove difficult to establish generalised responses to given densities of alien species suitable for all examples of a water body type. However, for certain IAS consensus can often be achieved on those species which are associated most with ecological damage as seen by the production of 'most unwanted' lists (Evans 2006; DAISIE 2008) . Nonetheless, it will be possible through examination of data collected by WFD required monitoring to validate that the a priori estimation of alteration by IAS is actually resulting in changes in a biological element that match its predicted status class. A long-term goal following successive rounds of monitoring of EU waters must be to produce integrated models of occurrence and impacts on aquatic ecosystems for non-native species. Such models are likely to be initially crude but nevertheless useful in management (Gherardi 2007b) .
One added benefit of assessing IAS separately as advocated here is that it allows a separation of management strategies. Often the pressure exerted by IAS occurs alongside other anthropogenic pressures and joining them together in assessment systems may obscure progress in reducing the influence of one pressure such as nutrient export for example. Analysing pressures separately promotes transparency and allows for a clearer focus on the main pressures affecting a water body.
While the abundance of one alien species often has a dominating influence on the ecological quality of a water body this is not always the case. Instances where alien species introductions result in the addition of new functional groups into an ecosystem are of key importance as well as the overall abundance of alien species (Olenin et al. 2007) . Similarly, the diversity of groups of alien species present may also have a significant influence on ecological status. Arbačiauskas et al. (2008) found that the proportion of identified orders comprised of alien species had a stronger negative influence on ecological quality than the relative abundance of alien specimens. Therefore, more research needs to be carried out on how to deal with and integrate the overall effect when there are several IAS present for each biological element as well as for the overall structure and functioning of the water body. Additional work could also focus on developing a similar approach for assessing the alteration of hydromorphological and physico-chemical conditions by IAS in the context of the normative definitions in Annex 5 of the WFD.
In addition, the production of lists of IAS at EU level together with the expected resulting degradation in status class would serve to galvanise the focus of water authorities to increase awareness, prevention and early eradication of IAS. Ecological assessment of IAS should fit into an overall management framework including risk assessment and effective responses. One suitable framework may include the DPSIR model where assessment and actions are structured according to Driving forces, Pressures, State, Impact and Responses (Panov et al. 2009 ).
We have presented one possible way to incorporate IAS into ecological assessment in a pragmatic way within the policy framework of the WFD. Ultimately the approach to include IAS into WFD ecological assessment will be agreed by a group of national experts representing EU states. The political impetus comes from not just the WFD but also from the EU commitment to conserve biodiversity, which is greatly threatened by alien species (European Community 2006) .
